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CHAPTER I 
INTRODUCTION 
Statement of the Problem. 
For many years, the speech and hearing specialists have 
recognized the need for many different approaches in methods 
to aid the handicapped individual needing this kind of therapy. 
Technical advances have made possible many new and unexplored 
theories concerning speech and hearing therapy. Among these 
advances are those in electronics which permit the development 
of audio-visual aids for speech training. 1 This study attempts 
the application of some of this new technical information to 
develop an instrument for speech therapy. 
Justification. 
Speech and hearing therapy includes ear training re-
enforced by visual clues. An instrument which makes possible 
simultaneous hearing and seeing should be helpful. Since 
speech is learned through hearing, it is logical that the two 
processes should be closely associated in a clinical attempt 
to teach or rehabilitate. 
1. Pronovost, Wilbert, "The Influence of Electronics on the Field of Speech." The Quarterly Journal of Speech, Vol. 
XXX, No. 3, October;-!9Q+• 
1. 
Scope. 
This paper will describe the development of an elec-
tronic instrument which will provide visual and aural stimuli 
simultaneously or separately as the case may require and will 
be known as The Audio-Visual Voice Comparator for Speech and 
Hearing Therapy. 
2. 
I 
CHAPTER II 
RELATED RESEARCH 
As early as 1867, Melville Bell, father of Alexander 
G. Bell, the inventor of the telephone, published a book 
called Visible Speech: The Science of Universal Alphabetics. 
Obviously, there is a substantial difference between the 
original term visible speech and the commonly used term visi-
ble speech of this electronic era. The visible speech of 
Melville Bell specified the pronunciation of word sounds so 
accurately that speech thus symbolized could be repeated by 
anyone else familiar with this method. Alexander Bell assisted 
his father in demonstrating the use of these symbols. These 
handwritten symbols were hailed as a major contribution to 
phonetics and the education of the deaf; Alexander G. Bell, 
like his father, was deeply interested in the problems of deaf-
ness, and planned to devote his life work to this field. To 
him, the visible speech symbols suggested a further accomplish-
ment, that of actually making speech visible in form that 
could be read. Although his subsequent search for a specific 
device to accomplish the translation of speech into a read-
able form was unsuccessful, it led to investigations of elec-
trical devices and ultimately to his discovery of the telephone • 
... ---~ 
1 Wilbert Pronovost reports on electrical and electronic 
visual aids to speech improvements. The cathode-ray oscilli-
scope gives visual indication of the wave composition of 
speech sounds. Its chief use is for voice problems involving 
volume and duration. Using the oscilliscope as a volume 
indicator, it must be remembered that the amplitude, or height 
of the sound waves is a relative indication of the volume or 
intensity of the voice. This requires a demonstration by the 
teacher of the desired volume and the student is then in-
structed to use sufficient volume to duplicate the demonstrated 
amplitude. Duration of tone may also be observed. This speech 
sound has a characteristic wave composition; and while it can 
be observed, it cannot readily be measured. 
The volume indicator is a simple circuit electrically con-
nected from microphone through amplifier and a voltmeter is 
transformer coupled to give an indication of the relation 
between input and output. In some cases a two-element neon 
bulb may be used instead of the voltmeter. The indicating eye 
is illuminated in direct proportion to the signal input. To 
keep this meter pointed at a pre-calibrated spot is to keep a 
desired volume level. 
The Nasality Indicator is once again a straight through 
transformer coupled circuit with a neon bulb for the output. 
In this case the microphone is enclosed in a soundproof box. 
A nasal olive is inserted in the nostril. A tube leads from 
1. Pronovost, Wilbert, "Visual Aids to Speech Improvement," 
Journal of Speech Disorders, 1947, 12, 387-391. 
q.. 
this nasal olive into the microphone box. Drills are conducted 
and na sality may be indicated by the neon bu lb glow. 
The Lite-0-Letter is a speech sound game for children 
which provides for illuminating letters associated with the 
initial sounds of words. This versatile machine has many 
removable glass slides so that all letters associated with 
speech sounds may be used. It would seem, however, that its 
chief use is in providing motivation for children in speech 
development. 
1 
The new book Visible Speech by Potter, et al., reports 
of an experimental class using a spectrograph machine and 
cathode-ray translator to show a form of speech patterns. 
The sound spectrograph is an instrument for the recording of 
sound on a magnetic tape for repeated playback. This sound 
passes through a variable filter and is mechanically linked 
to a stylus which r ecords the filtered output on electrically 
sensa tized paper. This paper is known as a sound spectrogram. 
The patterns produced on the sound spectrograph are unique 
for each word, making possible, through training, speech you 
can see. 
The cathode-ray translator receives the patterns produced 
on the spectrograph. Through a revolving drum device, the 
spectrogram produces the patterns on a screen similar to the 
type used in television receivers, except this screen moves 
continuously. The patterns are formed at the ri ght edge of 
the screen and are moved slowly to the left. Several words are 
1
• Potter, et al., Visible Speech, Van Nostrand Co.,Inc., 
New York, 1947. 
5. 
visible on the screen at the same time and can be read from 
left to right as one reads the pages of a book. 
Potter reports on an experimental class, which began meet@ 
ing two hours daily. One hour was devoted to a discussion of 
phonetic principles and the relationships of articulatory 
movements of visible speech patterns. The other hour was spent 
in learning to read the patterns and in testing for the pur~ 
pose of evaluating achievement. In addition to the two-hour 
class period, one hour daily was assigned for study. After a 
preliminary training, the group schedule was changed to one-
hour group work with this instrument and one hour for study of 
spectrographic material. After several months, all of class 
instruction was shifted to the translator. 
Although the reading of visible speech patterns requires 
close attention, the class members have been able to converse 
for periods of two hours or more without evidence of visual 
strain or general fatigue. The relationship between ordinary 
silent reading and the reading of visible speech cannot be 
studied readily until more people have learned to read visible 
speech. 
The progress chart on page 7 shows the rate of increase 
of vocabulary for three cases. Curve A represents 11 Hours in 
Training" versus "Number of Words" for the case of the 
cogenitally deaf engineer. Curve B is for two girls that 
started training later, and Curve C is for two more girls 
starting at a still later date. It appears from this progress 
chart that rates of learning seem to be about the same. The 
-~-~-
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• 
words used in this training program were selected from 
standard vocabulary lists. 
It may be concluded that the intensive training made it 
possible for the members of this visible speech class to con-
verse satisfactorily among themselves by talking clearly and 
at a fairly slow rate. 
This type of training to teach the deaf to read visible 
speech did not use any auditory clues. If any class member 
had been only deafened and had some residual hearing, ampli-
fied sound waves might have increased the rate of effective 
progress. 
Speech training through color association is Maico's most 
recent contribution to visible speech. This instrument employs 
six color panels responding in varying degrees of brilliance • 
This Chromalizer analyzes sound in terms of color patterns. 
Thus the student may be taught correct speech by having him 
associate proper speech sounds with the respective color 
patterns they illuminate on the Chromalizer screen. 1 
For example, the pupil soon learns a correct "s" sound 
illuminates the yellow and blue panel (representing the 8,000 
and 4,000 cycle bands). If he lisps or otherwise distorts or 
substitutes, other panels light up and immediately call atten-
tion to his error. 
In word or sentence drill, Maico's Chromalizer also gives 
visual indication of the subjects rhythm, insufficient or 
excessive voice intensity, and greatly aids in maintaining 
1. The Maico Co., Inc., 21 North Third Street, 
Minneapolis 1, Minnesota. 
8. 
voice pitch at normal level. Through sustained motivation, 
Chromali ·er :u:rn-trn 'le i toe to e-pe k--5 nt o c~ual 
accompl s en • (Sea Fi gure f Jl 
"NO" 
Correct pattern of colors flashes on the face of the 
Chromalizer when word "no" is spoken properly. 
Figure 2 
Researchers at the Haskins Laboratory in New York are 
developing a speech device by the aid of two instruments called 
a sound spectrograph and a pattern playback. When words are 
spoken into the microphone of the spectrograph, a visual 
record of the wave sounds is recorded on a transparent film. 
This record, called spectrogram, can then be run through the 
pattern playback which translated the visual pattern oack into 
sounds. 
Basically, the scientists are trying to record on film 
• 
the forty or so basic sounds characteristic of the English 
language. How do you recognize the difference between such 
words as "bat", "pat", and "matn? When you pick up a tele-
phone, how can you recognize the voice of a friend? By this 
study, the researchers hope to find out just what makes speech 
recognizable. By speaking sentences and words into the micro-
phone, they have produced patterns with certain common charac-
teristics, but with minor variations due to intonation and 
accent of the speaker. By painting a simplified "cartoon" 
following the recorded pattern, the same basic sound when 
played back comes out in the eerie toneless voice or a machine. 
With further experimentation, the researchers found that 
triangles painted on the film produced roughly similar sounds • 
Circles and ellipses also produce distinctive sounds as did 
rectangles and trapezoids. There is, it seems, a relationship 
between our preceptions of patterns whether we experience it 
through the eyes or ears. 
As reported in the Carnegie Corporation of New York's 
1 Quart.erly Report , they have produced synthetic speech by 
painting freehand patterns on film instead of merely tracing 
from spectrograms. The result is recognizable speech, yet no 
human ever spoke; no sound, no breath, no vocal cord brought 
this sound into being. A pattern of paint on fiLm, and you 
have produced synthetic speech. 
By altering the patterns, the scientists have produced 
words with identifiable accents such as the southern drawl or 
the nasalized French. Music was painted on film during one 
1. Carnegie Quarterly Report, October, 1954. 
10. 
phase of the experiment, but the result sounded amusing rather 
than aesthetic, something like a child with his first harmonica. 
For the future it may be possible for the blind to see by 
sound and the deaf to hear by visual patterns. 
At the Acoustic Laboratory at the Massachusetts Institute 
of Technology, Ken Stevens has produced electronically (use of 
vacuum tubes) speech which is recognizable. This work so far 
is unreported and unpublished. The instrument which he devel-
oped is called a Vockoder and will be reported when out of the 
experimental laboratory. 
From the Research Laboratory of Electronics, Massachusetts 
Institute of Technology, comes the Voice Visualizer designed by 
R. Learner, which is a voice actuated instrument which gives 
1 polar diagrams to speech sounds on an oscilloscope screen. 
Present experiments in progress at The Boston University 
Speech and Hearing Center indicate that we have approximately 
sixteen steady state, consistent, recognizable patterns. 2 
Full scope of this interesting instrument cannot be ascertained 
until such time as experimental parameters can be constructed 
by the speech pathologist.3 Then, the pathologist can tell us 
1. Massachusetts Institute of Technology Progress Report, 
Research Laboratory of Electronics, Cambridge, Massachu-
setts, January 15, 1952. 
2. Conners, J. E., "Evaluation of Voice Visualizer as an Aid 
in Teaching Voice Improvement." Unpublished Doctor of 
Education Thesis, Boston University School of Education, 
Boston, Massachusetts, June, 1955. 
3. Fabian, F., "Evaluation of Voice Visualizer as an Aid in 
Teaching Articulation." Unpublished Doctor of Education 
Thesis, Boston University School of Education, Boston, 
Massachusetts (in process). 
11. 
what he wants, and from then on further development can become 
a cooperative experiment. 
12. 
CHAPTER III 
COMPONENTS OF ~ AUDIO-VISUAL VOICE COMPARATOR 
Main Parts of ~ System. 
The essential parts of the Audio-Visual Voice Comparator 
are the microphones, the mixer and preamplifier, the inter-
mediate amplifier, the ladder network circuit, a console con-
taining twin-scope output, dual speakers, and switching 
control panel. The student and the instructor sit side by 
side facing the twin-scope console. There is a twenty-inch 
vertical glass separator between the two to keep out any inter-
network interference. There is a undirectional microphone in 
front of each. The instructor using the switch panel may 
produce a sustained sound which can be both seen and heard if 
desired. The student attempts to imitate the sound and dupli-
cate the pattern seen; when this is accomplished, the student 
then knows that he is producing correctly. The instructor may 
use the apparatus alone as an amplifier or the screen motivator 
(teleprompter) alone, or in any number of combinations as 
desired for therapeutic purposes. The voice signal from either 
microphone is changed to a combination audio-visual signal by 
the internal network (described in Appendix), which makes it 
useful in its various forms. Each of these parts will be con-
sidered separately. 
13. 
Microphones. 
The microphone best suited for this instrument is of the 
dynamic type and specially fitted with a ring to give it undi~ ­
rectional properties. This ring makes it -possible to avoid 
picking up undesired noises. The advantages of this type of 
microphone are as follows: 
1. No hiss as in the carbon mike. 
2. No danger of "packing" if it is moved while in use. 
3. No microphone amplifier is needed. 
4· It is not affected by weather conditions. 
5. No exciter current is needed. 
6. It is small and light in weight. 
7. It has a good response curve. 
The Preamplifier and Mixer. 
This is a critical stage as any hum or distortion which is 
permitted to creep in here will be amplified by each succeeding 
stage. The power supply for this preamplifier must be extremacy 
well filtered. For the same reason all the leads in this ampli-
fier must be carefully shielded and the whole amplifier must be 
kept as far away as possible from any source of electrical dis-
turbance caused by power transformers, filter chokes, and a-c 
leads. All parts, such as resistors, condensers, and tube 
sockets, must be of the highest quality; otherwise, they are 
certain to introduce noise into the amplifier. All soldered 
joints must be very carefully made to avoid rosin joints. The 
insulation between all of the circuit and the chassis must be 
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• 
of a high order or leakage will cause noise. 
The Mixer Circuit. 
This mixer circuit is known as an electronic mixer with 
each input applied to different control grids. A twin triode 
is used here. This circuit does not require a transformer to 
combine the two outputs, nor does it require constant-impedance 
controls. It is therefore much cheaper to build than the 
transformer type of mixer. Since it uses fewer transformers 
than the transformer type, it is not so liable to give trouble 
from hum pickup. 
The Intermediate Amplifier and Ladder Network Circuit. 
The preamplifier and mixer stage are transformer coupled 
and impedance matched to the intermediate amplifier so as to 
provide a maximum voltage transfer and minimum distortion. 
This parallel-T ladder network is where the input signals are 
changed into polar diagrams and fed directly into the twin-
scope console. 
The Twin Scopes. 
Any good quality oscilloscope that has a wide sweep range 
is satisfactory for this console. One which provides a good 
blanking action is preferred for the sharp display of patterns 
and quick retrace. Linearity and lock in characteristics are 
rather critical; and for the best results, a step attenuator 
for the input signal helps to clarify the pattern discrimination. 
16. 
• 
Dual Speakers. 
The loud-speakers are of the dynamic type, because they 
can more easily reproduce the total audio range with good 
fidelity. In addition to the speakers, there is a jack pro-
vided for the different types of headsets which may be used 
in therapy. 
Switch Control Panel. 
The switch control panel is what gives this instrument its 
versatility. Through this control panel one may control the 
instrument for any number of desired combinations or single 
applications used in speech and hearing therapy. 
Motivation Stimulator • 
A recent addition to the regular instrument console has 
been added. A video screen is connected to a rear projection 
apparatus. This addition fits nicely on top of the twin-scope 
console. This projector may be controlled from the control 
panel console, and the instructor may change the picture or 
diagram on the screen by a switch and magnetic clutch arrange-
ment. 
Phisical Arrangement. 
The total weight of the combination consoles is approximately 
95 pounds each or a total of nearly 200 pounds. It occupies a 
space of about 4 square feet. A rack prototype has been 
assembled and tested in my own laboratory. 
-· .... --·. 
17. 
• 
CHAPTER IV 
S~~RY AND CONCLUSIONS 
The instrument described here can produce two patterns 
simultaneously on its twin-scope console; furthermore, these 
patterns can be heard at the same time they are being seen. 
The patterns may be seen and not heard, or they may be heard 
and not seen depending upon the instructional demand of the 
moment. 
As with many new and untried instruments, it is impossible 
to realize the full importance of its capabilities upon a 
single inspection. The actual usage of the Audio-Visual Voice 
Comparator was not within the scope of this study. Its uses 
supersede all other known instruments of its type. First, its 
development was the result of interest in speech and aurally 
handicapped persons and was not merely incidental to some other 
activity. Second, it reduces the basic number of patterns to 
be recognized so that a person of average intelligence and 
even small children may easily use it. Third, it does not 
present that distracting maze of colorful patterns which de-
emphasizes the basic objective or teaching a single sound to a 
single pattern. The inherent flexibility of control of the 
instrument makes it second to none for its designed clinical 
use. 
18. 
Limitations of the Study. 
Clinical application not attempted. 
Suggestions for Further Research. 
Analysis of effectiveness in speech therapy • 
• 
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APPENDIX 
CIRCUIT DEVELOPMENT FOR SYMMETRICAL POLAR DIAGRAMS 
To make this instrument applicable to clinical techniques 
used in speech and aural rehabilitation, it was necessary to 
minimize the effects of signal intensity and pitch variation. 
It became necessary that the loss at low frequencies be equal 
to loss at high frequencies, and thus under these conditions, 
the transfer characteristic conforms to a circle diagram in 
the complex plane. This in effect gives us a stable and con-
sistent readable pattern for our purposes. 
This paper presents a complete solution to this network. 
It is found that the loaded parallel-T has a transfer 
characteristic identical with that of the simple form so long 
as the load and source impedances are selected in such a manner 
that the loss at the low frequencies is equal to the loss at 
high frequencies. The loaded parallel-T may, however, be made 
to have a rejection band narrower by a factor of almost two 
t han that of a simple circuit. 
The Network Solution: 
Consider a parallel-T network having an input impedance 
z1 and a load impedance Z0 as shown in Figure 1. The mesh 
equations for this network are as follows: 
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From the above, it is easily s hown that 
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The input current i 1 is therefore 
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The output current i 0 is 
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As is to be expected, (5) shows that the transfer admittance 
is symmetrical as regards the input and output impedances, and 
the existence of a null is independent of the terminating 
impedances. 
The network of Figure 1 reduces to the customary form of 
the parallel·T resistance-capacitance filter of Figure 2 by 
making z2 and z5 pure resistances, p '-,. 
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General Parallel-T Network 
These relations insure that a null is obtained when t = 1. 
The design parameter p controls the ratio of the impedance in 
one T relative to those in the other. In the discussion follow-
ing, z1 and Z0 are assumed to be pure resistances. 
By substitution, (4) and (5) reduce to 
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Equations (6) and (7) for the input and transfer admittances are 
still too complex to be of much practical use. However, a 
study of the transfer admittance shows that the ratio of the load 
voltage to the input voltage e~~' follows a path in the complex 
plane resembling a pair of deformed semicircles having equal 
diameters. Because the null condition is satisfied, the diameters 
of the semicircle lie on the real axis with one end at the 
origin. The lengths of the diameters are given, respectively, 
by the loss at zero frequency, 
I 
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and the loss at infinite frequency, 
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As expected, both of the extreme frequency losses increase or 
decrease with the corresponding changes in the ratio z1/z0 • 
Additional terms are present which make the lows frequency loss 
a function of the ratio ~~Z6 , whereas the high-frequency loss 
is a function of the ratio 1' /~. This interesting circum-
stance makes it possible to adjust separately the loss at zero 
frequency and the loss at infinite frequency. Whenever these 
losses are madeequal, the response_ curve becomes symmetrical 
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with respect to the frequency U>0 ; the polar diagram is a cir-
cle; and the equations for the transfer and input admittances 
become simplified. 
The case for which the response curve is symmetrical will 
be discussed in detail. The nonsymmetrical case will be illus-
trated briefly by an example. 
Nonsymmetrical Response. 
As an example of the nonsymmetrical ·response, let ~2~ 26 = oo 
and 1, = r . The resulting frequency characteristic and polar 
diagram calculated from (7) are shown as a dashed curve Figures 
3 and 4 resoectivelv. 
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If, on the other hand, one makes 1.
1
: 0 and '1tJ = I'" l..t.. , 
the solid curve results. In both figures, the solid curve is a 
reflected immage of the dashed curve. In the Polar Diagram, 
Figure 4, it is of interest t o-note that the phase shift 
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exceeds 90 degrees as the higher amplitude approaches the 
origin. Data for the case in which the input impedance is 
zero and the load impedance is finite have been compiled by 
the Bureau of Standards Mathematical Tables Project. 
The Symmetrical Parallel-T 
The case for which the transfer admittance has the same 
loss at high as at low frequencies is of most importance and, 
fortunately, leads to a considerable simplification of the net-
wor k equations. A parallel~T connected between input and out-
put impedances z1 and Z0 will have equal zero and infinite 
frequency losses if z1 and Z0 are related as 
~ 
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Hereafter, the term "symmetrical parallel-T" will refer 
to any parallel-T working between real z1 and Z0 such that (11) 
is valid. 
From here one might proceed by inserting (11) in (6) and 
(7) so as to eliminate either r or p. For reasons given later, 
interest is largely in the case for which p = 1; whereupon, it 
is a simple matter to select suitable z1, Z0 , and r directly 
from (11). We choose, therefore, to insert (11) ~n (7) so as 
to simplify the form of the equations. Doing this, the 
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transadmittance of the symmetrical parallel-T can be put in 
the relatively simple form, 
e, 
and hence, 
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The locus of e
0 
is now, obviously, a circle in the complex 
plane having a diameter on the axis of reals with the point 
t : 1 at the origin. The circle has a diameter of length 
~ /'Z:,-IzlJ+'l..r. 
• 
In polar natation (13) becomes 
( 14> 
with the amplitude-frequency and phase-frequency response 
characteristics given by 
and 
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The reason that the quantity (17) is referred to as the 
"Q" of the parallel-T falls from the fact that the simple series 
resonant circuit of Figure 5 may be presented by the same 
equation. 
It is interesting to observe that the phase characteristic 
of any symmetrical parallel-T can be calculated at any fre-
quency for which one knows the loss relative to the loss at 
the extreme frequencies. The phase shift is a function only 
of the relative loss; for example, from (14) and (15), it is 
easily shown that 
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For a given T structure, the coefficient Q is easily cal-
culated. All symmetrical parallel-T 1 s conform to a circle 
diagram with differences in the make-up of the T's resulting 
only in different frequency scales associated with the circle 
diagram. 
An example of (15} and (16} discloses that the bandwidth 
of the symmetrical T is minimized by maximizing the coefficient 
Q. Differentiating Q with respect to p, it is found that the 
condition for a minimum bandwidth is 
l. p 
(20} 
Now for all practical purposes, the ratio ~~~must ex-
ceed unity; otherwise the loss at the extreme frequencies 
becomes excessive. For the same reason, the ratio 7,/,. must 
be less than unity. Hence, from (20) the ratio p must fall 
somewhere between 0.6 and 1.0 if one desires the minimum band 
with reasonable extreme frequency losses. With this in mind, 
a study of (17) brings one to the conclusion that the specific 
value chosen for p is of so little importance that further 
discussion of the narrow-band problem can be restricted to the 
case for which p : 1. 
Accordingly, the bandwidth factor will be represented as 
l, + 70 
+ l ,.. 
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This relation for Q shows that the bandwidth of the 
parallel-T is not changed greatly by loading. As the source 
and load impedances are made small relative to r, the Q 
approaches twice that of the nonloaded parallel-T. For practi-
cal amounts of loading and p : 1, Q is approximately 0.33. For 
the non-loaded case, Q is 0.25. 
Wolfl has shown that by introducing circuit dissymmetry in 
a parallel-T operating between a 0-impedance source and an 
infinite impedance load, one may secure a similar improvement 
in discrimination. It is interesting to note, in passing, that 
Wolf's circuit also gives a response curve represented by a 
circle diagram in the complex plane. 
Symmetrical Parallel-T Equivalent Circuit. 
The amplitude and phase characteristics of the symmetrical 
parallel-T are completely expressed by (15) and {16). However, 
the significance of the equations is much more easily under-
stood when it is realized that the transfer characteristic of 
the simple circuit of Figure 5 has amplitude- and phase-frequency 
characteristics exactly equivalent to those of the symmetrical T. 
In the circuit shown, the input voltage e is equal to 
magnitude to the voltage output to the symmetrical parallel-T 
at the extreme frequencies. The inductance L and the 
capacitance C are ideal losi-free elements series resonant at 
the null frequency By making the resistor r • w,Lfct, the 
two circuits have identical amplitude- and phase-frequency 
1 • . wolf, E. L., uDistortion Correction in Electrical Circuits," 
Bell System Technical Journal, Vol. ?, p. 3; July, 1938. 
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characteristics. With this problem of pattern solution and 
resol ution of fundamental sounds into consistent patterns, we 
are now ready to proceed with the assembly of the circuits. 
The input signal passes through a filtering and amplifying 
network. 
The solution of the ladder network and parallel~T resonant 
circuit has just been fully described. The output of this 
circuit may then be fed into a pair of cathode-ray translators. 
The amplifiers and cathode-ray translators are contained in 
one console. The microphones and switching control panels are 
contained in a separate console. The console pair is in mobile 
cabinets equipped with rubber-tired wheels for flexibility. 
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